The depth of closure in Sendai Port is estimated using 10 years bathymetry data and proposed as a longshore variation. The hydrodynamic condition is simulated using Boussinesq equation (Peregrine, 1967) which was modified by applying long wave theory. Using wave data from 1991 to 2003, 20% wave height in deep areas is applied as a representative wave. From the modeling, bottom velocities in the x and y directions are obtained. The result is used to calculate the maximum bottom velocities just outside the boundary layer. The effect of wave reflection is observed using the velocity distribution and maximum bottom shear stress. By integrating the velocities in the x and y directions, the area that is influenced by reflected waves can be observed. The results are depicted as a spatial map. The longshore variation of the depth of closure is overlaid on the results to confirm the influence of wave reflection for its variation.
INTRODUCTION
Depth of closure (h c ) concept was firstly introduced by Hallermeier 1) . He predicted the boundary between shoal zone and littoral zone as h c . The definition of threshold sediment movement was assessed. Furthermore, he utilized linear wave theory concept to develop the formula that can be used to predict h c location.
Recently, many studies have been done in term of h c concept. Their theory is useful not only to explain how to predict h c location, but also its application in the field, as study conducted by Nomura et al. 2) and Uda 3) that utilized bathymetry data from several coast in Japan and obtained constant value of h c . A research concern on h c application has been done in Duck, USA by Nicholls et al. 4) . They used 12 years bathymetry data and applied their result to evaluate accretion and erosion phenomenon in the coast.
Due to the fact that longshore variation of h c exists, the study in this topic becomes more challenging. One study was proposed by Fraincois et al. 5) . He used 4 years bathymetry data in Gulf, Lion, France, a micro-tidal wave-dominated coast. Several cross sections were taken to estimate longshore variation of h c . Furthermore, the result was confirmed analytically. Widyaningtias and Tanaka 6) applied similar method to propose longshore variation in Sendai Port, Japan. The result was confirmed using Shields parameter as related with threshold motion of sediment.
Better understanding on h c concept will be very important, especially when we are dealing with beach nourishment design (Marsh et al. 7) ), planning of beach-profile surveys, sediment-budget analysis (Kraus et al. 8) ) and shoreline change analysis (Hanson and Kraus 9) ). In practical application, although it is very common to use constant value of h c to simplify the calculation, the longshore variation of h c gives a possibility to produce more accurate result.
Hydrodynamic condition along the coast is closely related with wave and bathymetry condition. Its variance gives different response to wave propagation. The existence of coastal structure along the coast produces more complex behavior on wave propagation. The superposition of incident and reflected wave will generate higher wave energy and furthermore will increase the wave action. This phenomenon causes higher wave height, thus, as consequent of higher velocity, higher shear stress is produced 10) . The length and position of breakwater will influence the superposition of incident and reflected wave as explained by Rhitpring and Tanaka 11) . For practical view point, the higher wave action will be very dangerous especially for harbor entrance and fishery activity. This condition also causes the severe scouring in the vicinity of coastal structure. Considering the application of h c for coastal management purpose, the integrated understanding related with this topic becomes very crucial. Recently, although many study have been carried out in correlation with wave reflection from coastal structures, however there is still lack of study that explain more detail about the influence of wave reflection to longshore variation of h c .
This study purpose is to analyze the wave reflection phenomenon due to the coexistence of incident wave and reflective wave. Its influence to h c variation will also be examined using velocity distribution and bottom shear stress approach. The averaged integral of velocity factor is considered to observe the area influenced by wave reflection.
STUDY AREA
The concept of h c determination and its analysis related with wave reflection influence will be applied for a study area as seen in Fig. 1 12) .
Fig. 1 Study area, Sendai Port

METHODOLOGY (1) Wave modeling
Wave propagating from deep area to shallow area will experience complex mechanism; such as reflection, refraction, shoaling and diffraction. One of the models that can simulate these phenomena is Boussinesq model 13, 14) . To extend the applicability for deeper region, Peregrine 15 ) modified the earlier model by considering the modification of dispersive term. His model was derived based on long wave theory for varying depth. It was developed with the depth-integrated velocity as the dependent variable. Non-linear dispersive wave on mildly sloping beach is able to observe using this equation. Non-linearity term due to the changes of sea bottom elevation is considered. Portion of wave reflection was also included in the solution.
The governing equations are derived based on continuity and Euler's equation. It is expressed as conservation of mass and momentum as follow:
where u=(u,v) is the two dimensional depth-averaged velocity vector, η is surface displacement, h is varying water depth as measured from the still water level (SWL). The subscripts t is partial differentiation that respect to time. ∇ is vector operator for two-dimensional problem (∂/∂x, ∂/∂y), with x and y is the coordinate system.
The illustration of depth-average velocity is shown in Fig. 2.   Fig. 2 Sketch of depth-average velocity
The finite different approximation is applied on the discretization. The conservation of mass is solved using explicit formulation to obtain first estimation of the surface water level at the new time level (t+∆t). Furthermore implicit discretization is used in momentum equation to assess the velocity at the new time level (t+ ∆t), with ∆t is time interval.
Hydrodynamic condition is simulated in this study area using bathymetry and wave data as the input. Bathymetry data of year 1998 is used in simulation. Based on regular wave assumption, 20% wave height in deep area is applied as representative wave height, with H=1.15m and correspond wave period, T=7.55sec. This representative wave height is statistically determined. Sato-Tanaka equation has been applied to validate the determination of h c 6) . The simulation area covers 7750m and 2500m of longshore and offshore distance, respectively. Grid system ∆x=∆y=5m and ∆t=0.1sec is utilized in the simulation. Notation ∆x and ∆y are grid spacing in x and y direction, respectively. Overall, the computation in this study will follow the flow chart as shown in Fig. 3. 
(2) Bottom shear stress
The effect of increasing wave height influenced by wave reflection from coastal structures also can be observed using bottom shear stress approach. Higher wave height produced by coexistence of incident and reflective wave will arise higher velocity. The higher velocity will produce higher bed shear stress. In this study bottom shear stress is calculated using the maximum orbital velocity just outside boundary layer (u bmax ). This parameter is obtained from wave modeling.
Fig. 3 Computational flow chart
Considering the flow regime, friction factor for rough turbulent regime derived by Tanaka and Thu 16) will be applied. The concept of friction factor under wave-current combined motion is considered. Furthermore, bottom shear stress component is calculated using following expression: (2) where τ 0max is maximum bottom shear stress, ρ is water density and f cw is wave-current friction coefficient for rough turbulent flow.
Since many approaches have been done to derive f cw using various turbulent models and also need complex approximation to solve it, the f cw applied here is very convenient to use for practical application. It is derived as explicit form. The variable of f cw using in this computation is introduced as: 
With φ is the angle between the wave orthogonal and the current vector.
(3) Averaged integral of velocity vector
The velocity in both x and y direction was obtained from wave modeling. Assessment of the averaged integral of velocity vector is calculated based on the coexistence of incident and reflective wave. In this study, the stable condition is achieved when the maximum deviation value between two wave peaks 1 , ,
− is less than 5%. Notation t p is the occurrence of peak velocity, i is grid index at x and j is grid index at y. The average integral of velocity vector in N number of waves as given below:
where U it is averaged integral of velocity vector, t s is the initial time of stable waves, t max is the end of computation time, T' is the period for one cycle wave.
RESULT AND DISCUSSION (1) Velocity profile
The velocity in u and v component is obtained from the model with input data, grid system and time step as described previously. The maximum velocity distribution is calculated from the velocity vector. The profile of its spatial variation is shown in Fig. 4 .
The longshore variation of hc in Sendai Port was proposed in previous analysis 6) . To observe the influence of reflective wave to its variation, longshore variation of h c is overlaid on the spatial variation map.
From Fig. 4 it can be confirmed that higher velocity is occurred in the shallow area and in the vicinity of breakwater. As the distance from breakwater increases, the velocity becomes smaller, the h c also becomes shallower. The higher velocity in shallow area is expected due to the shoaling and refraction phenomena. In the area near structure the higher velocity is produced due to the superposition of incident and reflective wave.
(2) Bottom shear stress
Bottom shear stress is calculated along the coast to confirm the effect of wave reflection from breakwater. The distribution of bottom shear stress is plotted in Fig. 5 . The longshore variation of h c is depicted on spatial variation of bottom shear stress. From that figure it can be confirmed that as the consequent of higher velocity in previous computation, higher shear stress also occurred in the area near structure and shallow region.
(3) Averaged integral of velocity vector
The integrating velocity in u and v component is approached. U it is calculated along the coast. The result is depicted spatially as shown in Fig. 6 . Longshore variation of h c is also laid on its spatial variation. The area that is influenced by wave reflection can be observed from that figure. The higher value of U it is shown in the area near structure. Although incident and reflected wave portion still cannot be distinguished quantitatively, however, this parameter can be used to confirm that velocity in the area near structure is highly affected by coexistence of incident and reflective wave. 
CONCLUSION
Wave condition along Sendai port is simulated using Boussinesq model. Velocity in x and y direction is obtained. Maximum orbital velocity just outside boundary layer is assessed to calculate maximum bottom shear stress. By concerning the effect of wave reflection, it is shown that due to the superposition of incident and reflective wave, velocity in the area near structure is higher, as the consequent bottom shear stress is higher too.
The longshore variation of h c is laid to confirm the result. As observed in the spatial map, longshore variation of h c is deeper in the area near structure and it becomes shallower as the distance increase.
The averaged integral of velocity vector shows the higher value in the area near structure and it becomes smaller as the distance from breakwater increase. The area that is influenced by wave reflection can be examined using this parameter. This parameter is considered to observe the elliptical orbital velocity and to determine the wave reflection parameter for further analysis.
Although this parameter is still calculated using velocity component obtained from superposition of incident and reflective wave, however it can be used to observe the effect of reflection phenomenon. For further analysis, the separation component of incident and reflective wave should be determined to give better understanding of reflection influence to hydrodynamic condition and its effect to longshore variation of h c . 
